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INTRODUCTION 
Trauma ultrasound was utilized since 1970s in Europe. FAST protocol 
was utilized from the mid to late 90s. Sonography for detection of 
pneumothorax was first reported in the year of 1986 in veterinary literature. The 
addition of detection of pneumothorax was included in the eFAST since 2004. 
The eFAST is a useful tool where we use ultrasound examination in trauma set 
up to detect intraperitoneal free fluid and intrathoracic trauma . Ultrasound can 
detect even small amount of fluid whereas large quantity is needed to detect the 
same with chest X ray. 
           The protocol of FAST examination includes evaluation of right upper 
quadrant , left upper quadrant and pelvis for free fluid, haemopericardium, and 
has been extended lately to diagnose haemothorax and pneumothorax (extended 
FAST). The FAST has largely replaced peritoneal lavage as the primary method 
of detecting free intraperitoneal fluid in blunt injury abdomen and also the 
possibility to detect pneumothorax by eFAST. 
          The use of ultrasonography in polytrauma patients according to FAST 
protocol is not restricted to initially stable or unstable patient evaluation, but it 
is additionally a valuable tool for follow-up. 
            In the setting of a blunt abdominal trauma, it is important to triage the 
patient in need of urgent intervention, especially when the patient is unstable, 
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rapid and accurate triage is crucial as delay in the treatment would increase the 
morbidity and mortality. 
         Chest trauma is responsible for about 20% of death from trauma, of which 
pneumothorax is a common finding. Pneumothorax has a prevalence of upto 
50% in severe chest trauma. Small or medium pneumothorax may not be life 
threatening but tension pneumothorax often preceded by small or medium 
pneumothorax may lead to cardiac arrest. The triad of cardiac tamponade, 
tension pneumothorax and massive haemothorax in chest trauma is lethal.  So , 
early identification is crucial to reduce the progression to tension pneumothorax 
hence reducing mortality in critically injured patients.  
With emerging in the CT scan , it allows more accurate decision making 
process and better triage of these patients. However, today ultrasound is used in 
many centers in the world in evaluation of blunt injury abdomen. Ultrasound is 
fast, non-invasive, does not involve radiation, is portable and can be integrated 
in resuscitation process in trauma bay without disrupting it.       
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AIMS AND OBJECTIVES 
                The aim of FAST and eFAST is to determine whether one or more of 
the abdominal, pericardial or pleural cavity has hemoperitoneum, 
hemopericardium, hemothorax and pneumothorax or not, that may indicate 
breach in the integrity of the cavity and potentially significant injury. 
        
 The objective of the study:  
        To assess the accuracy of sonography to detect free intra-peritoneal fluid , 
fluid in pericardium and detection of hemothorax and pneumothorax as a part of 
extended focused assessment with sonography in trauma . 
     Early identification of pneumothorax to reduce the progression to tension 
pneumothorax and thereby reducing the mortality in critically injured patients. 
 
                    
 
\ 
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                                              REVIEW OF LITERATURE 
 
                Trauma is the study of medical problems associated with physical 
injury. Blunt Trauma is recognized as a serious public related health problems. 
It is the leading cause of death and disability in the first four decades of life and 
is the third most common cause of death all over the world. Trauma is not only 
related to road traffic accident or violence, trivial fall in elderly makes up one of 
the common group to be admitted in hospital following injury.  
An identifying feature in the study of trauma is time. At time zero the 
person or patient is at their normal baseline. There is then some interaction with 
external force leading to injury. The subsequent development of pathology, the 
response of the body by way of compensation or healing or external response by 
health professionals all have a timeline, that timeline originates at time zero, the 
moment of injury. 
The torso is generally regarded as the area between the neck and the 
groin, made up of thorax and abdomen. This is the largest area of body and is 
commonly injured following both blunt and penetrating trauma. Since injury 
does not respect anatomical boundaries, division of the body into abdomen and 
thorax is artificial, and injury to torso is more appropriate. The blunt trauma can 
be considered as direct or indirect. Direct mechanism is when the damage 
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occurs at or close to the site of impact. An indirect mechanism is when the 
damage occurs at a distant site after transmission of that force. 
      Resuscitation of all injuries to the chest and abdomen should follow the 
traditional ATLS principles i.e Airway, Breathing, Circulation, Disability, 
Environmental and exposure. Bleeding is the major problem with torso trauma. 
Bleeding may be obvious at the time of evaluation, however in young and fit 
individual, bleeding into chest and abdomen may be subtle and difficult to 
assess clinically. 
      Thoracic injuries accounts for 25% of all injuries. Pneumothorax is a 
highly preventable disease among patients with trauma and can be life 
threatening if not treated promptly. They are one of the most common serious 
intrathoracic injury   following blunt chest trauma and a notable cause of 
preventable death, for which relatively simple interventions may be life saving. 
          Blunt trauma to the chest may involve the chest wall , thoracic spine, 
heart, lungs, thoracic aorta and great vessels and esophagus sometimes. 
             Pneumothoraces are found in at least one in five major blunt trauma 
victims. Pneumothoraces may cause disproportionately severe cardiopulmonary 
derangements compared with other chest injuries. They are dynamic, and even 
small pneumothorax may turn into tension pneumothorax and may become life 
threatening to the patient with chest trauma.  
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          A large pneumothorax can be detected by clinical examination or chest x 
ray but a small pneumothorax is hard to detect. It is important in patient 
receiving positive pressure ventilation and those planned to be air transported, 
because pneumothorax might enlarged due to changes in air pressure. 
         The standard chest radiograph in trauma setting is usually done with 
patient lying supine where air gets collected anteriorly hence making the 
diagnosis of pneumothorax difficult. Although CT is an excellent tool in 
detecting pneumothorax but it is not practical to perform CT in all patients with 
trauma because of relatively high radiation dose, high cost and organizational 
difficulty especially in unstable patient. 
                   Patient with persistent pneumothorax, large air leaks after tube 
thoracostomy or difficult in ventilating should undergo fibreoptic bronchoscopy 
to exclude bronchial injury or presence of foreign body. Patient with 
haemothorax must be evaluated to confirm complete evacuation of the chest 
because persistent haemothorax that is not drained by chest tubes is termed 
caked haemothorax and mandates thoracotomy. 
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 The  ‘deadly dozen’ threats to life from chest injury 
 Immediately life threatening            Airway obstruction 
                                                          Tension pneumothorax 
                                                          Pericardial temponade 
                                                          Open pneumothorax 
                                                          Massive haemothorax 
                                                           Flial chest 
 Potentially life threatening                Aortic injuries 
                                                           Tracheobronchial injuries 
                                                           Myocardial contusion 
                                                           Rupture of diaphragm 
                                                          Oesophageal injuries 
                                                          Pulmonary contusion 
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 TENSION PNEUMOTHORAX 
A tension pneumothorax develops when a one-way valve air leaks either 
from the lung or through the chest wall. Hence air is forced inside the thoracic 
cavity without any means of escape resulting in complete collapse of the 
affected lung. The mediastinum is displaced to the opposite side, decreasing the 
venous   return and compressing the other lung. 
           Common causes of tension pneumothorax are  blunt chest trauma, 
penetrating chest trauma, iatrogenic lung punctures and mechanical positive 
pressure ventilation. 
       Patient clinically present as panicky with tachypnoea, dyspnoea and 
distended neck vein. 
           Clinical examination reveal tracheal deviation, hyperresonance and 
absent breath sounds over the affected hemithorax. 
Treatment consist of immediate decompression managed initially by 
rapid insertion of a large bore needle into second intercostals space in the 
midclavicular line of the affected hemithorax immediately followed by insertion 
of intercostal drain  tube through  the  fifth  intercostal  space in anterior  
axillary  line. 
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OPEN PNEUMOTHORAX / SUCKING CHEST WOUND 
This is due to large open defect in the chest that leads to equilibration 
between intrathoracic and atmospheric pressure. Air accumulates in hemithorax 
with each inspiration leading to profound hypoventilation on the affected side 
and hypoxia. The signs and symptoms usually depend upon the size of defect. If 
there is valvular effect the increasing amount of air will result in tension 
pneumothorax.  
        Initial management of open pneumothorax is to close the defect using 
sterile occlusive plastic dressing or taped on three sides to act as flutter type 
valve. Chest tube is inserted as soon as possible in a site remote from the injury 
site. The following points are important in the management of open 
pneumothorax. 
            Avoid using small size tube – 28FG or large tube should be used for 
adults.  
            If the lung does not reinflate, drain should be placed on low pressure 
suction. 
           A second drain is sometimes necessary. 
          Physiotherapy and active mobilization should begin as soon as possible. 
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              The definitive treatment for open pneumothorax may need formal 
debridement and closure preferably in operating room hence should be reffered 
early. 
 
FLIAL CHEST 
Flial chest is define as three or more ribs fractured in two or more places. 
It usually results from blunt trauma. The blunt force required to disrupt the 
integrity of the thoracic cage may produce pulmonary contusion as well. On 
inspiration the loose segment of the chest wall is displaced inwards and 
therefore less amount of air moves into the lungs. To confirm the diagnosis of 
flial chest, on clinical examination we have to observe the paradoxical motion 
of the chest wall during respiration or while coughing. There is a high risk of 
developing pneumothorax or haemothorax. 
Treatment consist of oxygen administration and chest tube with respect to 
pneumothorax or haemothorax to prevent further development of tension 
pneumothorax with intrapleural local anaesthesia. 
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MASSIVE HAEMOTHORAX 
Haemothorax is one of the common presentation in blunt trauma. 
Massive haemothorax is defined as more than 1500 ml of blood or in paediatric 
population one third of the patients blood volume in the pleural space. 
   The most common cause of it is the continuos bleeding from the torn 
intercostals vessels or occasionally from internal mammary artery.  
Accumulation of blood in hemithorax may compromise the respiratory 
efforts by compressing the lungs and preventing adequate ventilation. Patient 
with haemothorax may present with haemorrhagic shock, flat neck veins, 
absence of breath sounds on the affected side and dull note on percussion 
presents ongoing bleed. Blood in the pleural space should be removed 
completely and as rapidly as possible. Massive haemothorax is an indication for 
operative management however tube thoracostomy is critical in facilitating lung 
re-expansion.   
Treatment consist of correction of hypovolemic shock, insertion of 
intercostal drain and intubation if necessary. 
Initial drainage of more than 1500 ml of blood or an ungoing 
haemorrhage of more than 200 ml/hr over 3 to 4 hours is an indication for 
urgent thoracotomy. 
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 PERICARDIAL TAMPONADE 
Pericardial tamponade is a condition that needs to be differentiated from 
tension pneumothorax in shocked patient with distended neck veins. 
Accumulation of even a small amount of blood into the non distensible 
pericardial sac can produce physiological obstruction of the heart. All patients 
with penetrating injury of the chest near heart must be consider to have cardiac 
injury until proven otherwise.  
Clinically, the patient will present with classical diagnostic Beck’s triad- 
venous pressure elevation, decline in arterial pressure with tachycardia and 
muffled heart sound, which is often not observed in trauma bay because of the 
noisy environment and hypovolemia. 
Because the pericardium is not acutely distensible, pressure in the 
pericardial sac will rise to match that of the injured chamber. Hence, when these 
pressure exceeds that of the right atrium, right atrial filling will be impaired and 
right ventricular preload is reduced. This will lead to decrease in the right 
ventricular output and increase in CVP. Increase in intracardial pressure also 
impedes the myocardial blood flow that will lead to subendocardial ischemia 
and further reduction in the cardiac output. 
13 
 
Investigation include chest radiography to look for enlarged heart 
shadow. Diagnosis is best achieved by bedside cardiac ultrasound to look for 
fluid in the pericardial sac.  
         Early in the course of tamponade, blood pressure and cardiac output will 
transiently improve with fluid administration. In patient with any hemodynamic 
disturbances, needles pericardiocentesis can be used using ultrasound guidance 
to aspirate few milliliters of blood along with rapid volume resuscitation to 
increase the preload to buy time to move the patient to theatre for definitive 
treatment. However, in case of penetrating injury , there usually lies a 
substantial clot in the pericardium that may prevent aspiration. A dry 
pericardiocentesis means that there is a clot on both ends of the needle. But at 
the same time pericardiocentesis has high potential for iatrogenic injury to heart 
and should be regarded as a desperate temporizing measure in transport 
situation. The correct immediate treatment of cardiac temponade is operative 
either sternotomy or left thoracotomy. 
ABDOMINAL INJURIES   
Abdomen is a diagnostic black box. Abdomen trauma is a major surgical 
emergency which most of the surgeon faces. It is often associated with head 
injuries, chest injuries, pelvic and bone injuries. Often the patient is  
unconscious that may cause difficulty in diagnosing the condition. If the patient 
is conscious, history related to trauma becomes very useful. In case of 
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abdominal trauma, in emergency trauma set up , it is not necessary to determine 
which intra-abdominal organs are injured or involved, only whether or not we 
need to take the patient for emergency exploratory laparotomy is necessary. 
         Abrasion over the abdominal skin suggest the possibility of internal injury 
that is known as London’s sign. Abdominal distension, tenderness, rebound 
tenderness, fullness and dullness in the flank when present should direct own 
mind of possibility of internal injury following blunt trauma. Tachycardia, 
hypotension  and shock may be evident  when significant haemoperitoneum is 
present. Injury to the abdomen can be either solid organ injury or bowel injury 
or even retroperitoneal injury which can be often underdiagnosed or missed. 
Major vessels injury can be a  threat to life unless it is identified and managed 
immediately. 
            Abdominal trauma can be blunt or stab or penetrating injury. Spleen is 
the  commonest organ involved in blunt abdominal trauma. Often in blunt 
trauma, first part of the jejunum or ileocaecal junction gives way due to the 
traction that cause complete transaction of the bowel horizontally close to the 
junction. It is usually because of the impact of the force to the mobile part of the 
bowel over the fixed part. Liver is the commonest organ involved in penetrating 
trauma to abdomen.  
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Abdominal trauma can generally be classified into the following 
categories based on their physiological condition after initial resuscitation: 
 Haemodynamically normal – investigation can be completed 
before treatment is planned.  
  Haemodynamically stable – investigation is limited. The aim is 
to establish whether the patient can be managed non operatively 
or if surgery is required. 
 Haemodynamically unstable – investigation need to be suspended 
as immediate surgical correction of bleeding is required.   
Occasionally it is difficult to determine the source of bleeding in patient with 
multiple injury and shock. 
In torso trauma, the best investigation and most sensitive modality is CT 
scan , however in unstable patient it is generally not possible. The patient 
physiology has to be assessed at regular intervals and if there is any indication 
that the patient is still bleeding then the source must be found. Blood loss in 
abdomen trauma can be subtle without any clear clinical signs. Blood is not an 
irritant hence does not cause any abdominal pain. Abdomen distension is 
subjective and drop in the blood pressure may be a very late sign. Hence 
examination of unstable patient should be carried out in emergency department 
or in operating room if the patient is deteriorating making FAST and eFAST 
one of the best modality of diagnostic  method.    
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Concepts in trauma management: 
 Concept of ‘golden hour’ to treat the trauma patients is very 
important. 
 Multidisciplinary approach to trauma. 
 Planning, setting up, organizing and team work. 
 Assessment of  respiratory system, circulation, bleeding area is 
priority. 
 Assess whether the patient is hemodynamically stable or unstable. 
 Arrange fluids, blood, catheters, ventilators without delay. 
 Definitive therapy depending upon the severity and site of injury. 
                            
The term focussed assessment with sonography in trauma was coined by 
Rozycki et al in 1995. FAST describes four view ultrasound assessment of the 
abdomen looking for haemoperitoneum and haemopericardium  and lately to 
haemothorax and pneumothorax (efast). Ultrasound examination that is done in 
emergency room is different from that done in the ultrasound suite. The 
examination in emergency room is brief and highly focused to typically seek a 
relevant finding of haemoperitoneum, haemopericardium, haemothorax and 
pneumothorax. The aim of FAST is to identify life threatening intraabdominal 
bleeding or cardiac temponade with view to expedite definitive surgical 
management and considering the fact that it does not aim to exclude abdominal 
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or thoracic injury. FAST is not expected to detect injuries to abdominal organ 
associated or not with the intraperitoneal fluid like hollow viscus injury, 
mesenteric tear, intraparenchymal or subcapsular bleed and retroperitoneal 
injuries.  
 
          Free fluid will usually appear anechogenic to homogenously 
hypoechogenic and sometimes with low level echoes. At the site of solid organ 
injury, it may appear echogenic blood forming subcapsular hematoma which is 
less obvious than the hypoechoic free fluid.  
 
In case of blunt liver injuries the most common pattern seen is discrete 
hyperechogenic area or diffuse hyperechogenic pattern or discrete hypoechoic 
pattern.  The appearance of hepatic laceration changes with time. It may appear 
more hypoechoic or cystic when scanned days after the initial injury had 
occurred. 
 
Most common pattern in case of splenic injury is a diffuse heterogenous 
appearance whereas in kidney injury it may appear large , mixed, anechogenic 
renal fossa with loss of normal renal shape.  
 
 
18 
 
The  eFAST for pneumothorax assessed whether or not the respiratory 
motion of the interface could be detected,  movement termed as lung ‘sliding’ or 
‘gliding’ and for the presence of comet tail artifact. Comet tail artifact is defined 
as  hyperechoic reverberation artifact that extends from the pleural interface to 
the most distal aspect of the field of view, which is present in normally opposed 
pleural space but will be absent in case of pneumothorax. 
 
   In pediatric patient physical examination is frequently unreliable and 
imaging studies in needed. Since childrens physiological response to trauma is 
different from that of adult, effectiveness of FAST in children cannot be 
extrapolated from studies in adults. Several reports on the usefulness of FAST 
in children have been published which concluded that FAST can be used in 
pediatric patient as an effective tool compared to clinical evaluation. The 
management of solid visceral injury in children differs from adult. In children, 
solid organ injury does not require surgery. Surgical treatment of hepatic injury 
may result in high morbidity and mortality. Splenectomy in paediatric age group 
may cause sepsis and thus, a high risk of fatality. Furthermore, sonography is 
repeatable and thus serial follow-up scans can be performed in case of 
conservative management or when the case is not conclusive. 
 
19 
 
        In contrast to sonography, CT scan involves ionizing radiation which is 
potentially harmful especially to the pediatric age group. Ultrasound produce no 
ionizing radiation, quick and inexpensive hence is appropriate as a screening 
test. 
 
         Hence we can conclude that sonography is a valuable tool as an adjunct 
to physical examination in cases of pediatric blunt trauma.   
 
         FAST is rapidly establishing its role in evaluating not only in blunt 
abdominal trauma but also in penetrating abdominal trauma. Many articles have 
been published concerning its role in penetrating abdominal trauma where 
ultrasound  can be a useful initial diagnostic study. Furthermore they concluded 
that positive FAST is a strong predictor of injury and these patients can proceed 
to surgery. If FAST negative then additional diagnostic studies should be 
performed to rule out occult injury.  
 
          Rapid diagnosis and treatment of abdominal injury is crucial to decrease 
the morbidity and mortality in patients with blunt abdominal and chest trauma. 
Physical examination becomes unreliable in  the setting of acute trauma. 
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       Most studies in the literature have reported a high sensitive and high 
negative predictive value for FAST in blunt abdominal injury thus making the 
examination an excellent test for screening. FAST plays an important role in 
evaluation of all trauma injury, be it blunt or penetrating , and should be 
performed on all of them during the resuscitation phase. A negative FAST 
should be received with caution because it may take some time to develop 
appreciable haemoperitoneum or haemothorax that can  be detected by 
ultrasound.  
 
          In the setting of blunt abdominal trauma determining whether or not the 
patient be triaged to laparotomy is important, even more so when these patients 
are unstable, rapid and accurate triage is crucial because delay in the treatment 
can increase the morbidity and mortality of the disease. In such a situation 
clinical history, laboratory test and physical examination are often not reliable 
in evaluating the patient. In hypotensive or unstable patients in whom moderate 
to large amount of fluid is found immediate triage to laparotomy obviating CT 
is warranted.  
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          Effective initial triage is defined as the art of sorting patients according to 
the severity of their injury is the key to deal successfully with multiple casualty 
incident. FAST peculiarity is its feasibility even in restricted complimentary 
method sites as in natural catastrophes, war conflicts or spatial stations. 
 
FAST also has a major role during war time as tool for triage of injured 
soldiers and can work as a guide for laparotomy. The level of care for each 
casualty in multiple casualty incident is less than that provided under regular 
circumstances. In such a situation, attention is given to moderate to severely 
injured patients because they will benefit the most from optimal care. FAST and 
EFAST as the first imaging examination during continuous arrival phase in 
setting of war conflict related or multiple casualty incident, enabled immediate 
triage of casualties either to further imaging or clinical observation or 
laparotomy.  
 
      Considering that being stable not necessarily means being free of threats 
to life but depending on the mechanic of the trauma, may be a potentially 
dangerous condition, the usage of portable devices provide early identification 
of life threatening injuries, and may become life and death deciders. 
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     ‘Stable‘ should mean stay alert and keep monitoring the patient and 
‘instability’ on the other hand should be understood as the clinical condition 
where immediate measures are required to prevent the catastrophic outcomes.  
 
         One of ultrasound main advantage is that there is no radiation involved 
thus examination can be repeated whenever needed. Secondary ultrasound of 
the abdomen significantly increases the sensitivity of ultrasound to detect intra 
abdominal injury. The sensitivity is directly related to the fact that ultrasound 
relies on the existence of free intraperitoneal blood and does not routinely 
include parenchymal injury. 
 
         In case of multiple casualty incident where resources are overwhelmed 
particularly CT, ultrasound can be helpful especially when an initially stable 
patient who was left for clinical observation is deteriorating and CT is not 
available.  
 
         A secondary ultrasound can be beneficial in cases of known trauma to 
solid organ who were initially diagnose with CT scan and is to be follow up , in 
such cases ultrasound is most useful, as treatment of such injuries takes more 
conservative approach than undergoing surgery. 
23 
 
    Prehospital management of trauma patients is challenging since history , 
physical examination and initial resuscitation must be quick, accurate and 
reliable as much as possible. FAST may be a good diagnostic tool here for 
evaluating blunt abdominal trauma patients because intraperitoneal fluid, 
pericardial fluid and pleural fluid can be demonstrated as quickly and easily as 
in hospital settings even if it is perform by an emergency medical technicians. 
FAST and eFAST can be performed at the site of trauma or even during 
transportation with minimal examination time. Even in aeromedical 
transportation, FAST and EFAST can help physicians in diagnosis and 
management of trauma patients since mode of transportation with helicopter 
emergency medical service has become more common and is currently the 
method of choice in some trauma patients. 
 
        FAST examination was initially developed to assist in assessing the 
hypotension following injury in blunt trauma patient, however it also has a 
utility in penetrating trauma. Negative FAST (apparent absence of free fluid) 
should be interpreted with caution both in blunt and penetrating injury because 
significant injury may not necessarily have free fluid  as free fluid may take 
time to develop. 
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           FAST and eFAST helps to detect haemoperitoneum and 
haemopericardium with haemothorax and pneumothorax.  
 
             Primary benefit is to rapidly direct towards the appropriate operative 
interventions in unstable patients without interfering resuscitatory process.  
 
           It is useful both in blunt as well as penetrating abdominal and chest 
trauma. 
 
          A high specificity means positive FAST that indicate intra-abdominal or 
chest injury. 
 
        Moderate sensitivity means negative FAST that does not include 
significant injury. 
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       FAST alters the management of trauma patient such that   
 It helps in more rapid disposition of the patient to the operation 
theatre 
 
 Indicates more rapid search for other causes of hypotension when 
negative. 
 It reduces the number of computed tomography scans and diagnostic 
peritoneal  lavage  examinations (DPLs). 
 
 It is associated with short hospital stay, less complications and low 
charges. 
 
Advances Trauma Life Support (ATLS) describes the primary survey as 
initial assessment period during which the major life threats are identified and 
management commenced. Ultrasound assessment can be integrated into primary 
survey keeping in mind that it should not interfere with nor delay other 
assessment and resuscitation. At this stage however the main role of ultrasound 
in primary survey is to assess for blood in the peritoneum , pleural space and 
pericardium as well as assessing for pneumothorax and guiding vascular access. 
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PULMONARY ULTRASOUND 
The chest anatomical references such as diaphragm, pulmonary 
parenchyma, costal arcs and ultrasound artifact identification is vital for 
appropriate reading. Changes in the lung like pleural effusion, haemothorax or 
pneumothorax ( lack of pleural sliding) or any other pulmonary complications 
may be diagnosed. If one pneumothorax is missed or not identified could lead to 
serious hemodynamic changes and even death. Appropriate awareness of human 
anatomy and its correlation with the bidimensional images are required and two 
different orthogonal approach is required. This protocol is aimed to identify free 
fluids within the cavities and pneumothorax rather than complex organ 
evaluation. A full negative FAST exam takes about 3 minutes. Again it may be 
emphasized that negative results does not preclude life threatening injuries like 
retroperitoneal bleedings and hollow visceral injuries.  
 
ULTRASOUND PULMONARY SIGNS 
The EFAST described pulmonary signs on chest examination are search 
for pleural sliding which may suggest some diagnosis and ultrasound artifacts 
such as lines A, lines B, Doppler mode use, Power sliding and lung point 
search. Initially the pulmonary ultrasound was restricted to pleural structure as 
the pulmonary window was not appropriate for ultrasound wave propagation 
through air or intercostals bones. But now with understanding of some diseases 
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artifacts on pulmonary parenchyma such as interstitial pulmonary disease or 
pneumothorax and atelectasis its use was widespread to trauma and emergency 
care settings. Ultrasound detection of pneumpothorax may be difficult as the air 
is an obstacle for ultrasound wave propagation however, the artifact that is 
produced through visceral and parietal pleura are an indirect sign for diagnosing 
pneumothorax.  
 
The probes positioning should be longitudinal to the chest wall in mid 
axillary line between third and fifth intercostals space while the patient lies in 
horizontal decubitus or semi seated if possible as in this position lung sliding 
detection is more easier. The same FAST probe is used to view the costal arc 
shadow and next the intercostals space. The hypoechogenic structure just below 
the costal arc is the pleural line.  
 
During this dynamic evaluation the movements of pleura may be 
observed as sliding between visceral and parietal pleura.Lacking in the lung 
sliding is the main sign suggesting of pneumothorax. To compliment the 
investigation the presence of B line named as comet tail artifact have to be 
evaluated that represent the reverberation artifact from the visceral pleura and 
are derived from the interlobules septa thickening.  
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        To correctly understand the B lines and differentiate it from other 
pulmonary signs such as Z lines, they can be recognized by these features – well 
defined hyperechogenic sign, visible in the entire monitor, moving with lung 
sliding, erases A waves (artifacts) and hydroaereal comet tail artifact meaning 
that in a chest region with LS and B lines , there is no pneumothorax.  
 
One should have in mind that pneumothorax may be anterior, posterior , 
apical or in base of the lung. To preclude pneumothorax scan should be done in  
both lungs in the order of anterior-lateral-posterior. 
 
          Lung point in ultrasound is the dynamic identification of chest cavity 
point generally during inspiration where the lung point transition is observed 
along with B line and A line to identify pneumothorax. The practical way to 
observe this is to start from posterior region followed by anterior and lateral. 
The more lateral the lung point is observed, the larger is the pneumothorax. 
Pneumothorax extending to the posterior region may show no lung point. 
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Figure1a: Ultrasonography of  27 year old male with history of road traffic 
accident , showing splenic contusion. 
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Figure 1a and 1b:  Splenic contusion- 2x1.5cm sized ill defined hypoechoic 
lesion noted around splenic hilum . 
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Figure2: Ultrasonography showing liver haematoma and right 
haemothorax – 5x4cm sized ill-defined thick walled hypoecoic fluid 
collection with low level internal echoes noted in left lobe of liver. Right 
hemothorax is also visualized. 
               
 
 
32 
 
 
Figure3: Ultrasonography showing renal injury measuring 4.7x4.2cm sized 
heteroechoic lesion noted involving upper and mid pole of left kidney. 
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Figure 4: Ultrasonography of normal chest showing the comet tail 
appearance. 
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Figure 5: Ultrasonography showing presence of air between the visceral 
and parietal pleura with absence “sliding and gliding” movements and 
absent “comet- tail” appearance. 
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MATERIALS AND METHODS 
 
SAMPLE COLLECTION: 
Inclusion criteria 
1. Patient above the age of 12 yrs. 
2. All patients with blunt abdominal trauma and blunt chest trauma. 
3. Pregnant patients. 
 
Exclusion criteria 
1. Patient with penetrating injury. 
2. Psychiatric patients. 
3. Paediatric  patients. 
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Source of study: 
Data consist of primary data that is collected directly from the patients 
admitted with the history of blunt abdomen and chest trauma in Coimbatore 
medical college and hospital, Coimbatore. 
 
Design of study: 
Prospective observational study. 
     
Period of study: 
     One year :  July 2017 to June 2018. 
 
METHODOLOGY: 
This is a prospective observational study of a patient admitted with history 
of blunt trauma at our trauma center in Coimbatore medical college hospital , 
Coimbatore, starting from the month of July 2017 to June 2018 . After 
admission proper history was taken and the patient underwent chest radiograph 
and CT scan for whom it was indicated and possible, and FAST and eFAST was 
performed in all patients with history of blunt trauma either chest or abdomen, 
for the purpose of inferring the presence or absence of  pneumothoraces in 
addition to the standard FAST examination. FAST and Extended FAST was 
performed as part of 24 hours service with the help of an experienced 
radiologist at Coimbatore Medical College Hospital. The regular FAST protocol 
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was performed as the first examination followed by sonographic pneumothorax 
detection. This scanning sequence, which include FAST followed by 
sonographic pneumothorax detection is named as eFAST i.e Extended FAST.  
The eFAST examination was performed with the same transducer wherein we 
decrease the scan depth and approximate the focus to pleura. The scan was 
performed on two sites on each lung. One  between the second and fourth 
intercostal space at midclavicular line and sixth to eighth space in midaxillary 
line. Normal pleural interface was identified on sonography mainly by the 
presence of  ‘lung sliding’ which is seen as a to -and - fro movements of the 
viscera and the parietal pleura during normal breathing, and the other is the 
presence of ‘comet tail’ artifacts due to hyperechoic reverberations extending 
from the pleura down to the lung. Absence of both the signs were diagnostic of 
pneumothorax.  
The eFAST evaluation was performed blind to both the chest radiography 
and chest CT. For unstable patient, for whom CT scan was not possible, further 
intervention was made only by chest radiography and eFAST or only by eFAST 
alone. For all those patients who show negative result with eFAST scan was 
subjected to serial follow up or CT depending upon the clinical scenario. The 
result of eFAST and chest radiography was compared later on to chest CT 
findings .  
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DATA ANALYSIS AND RESULTS 
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                                                 DISCUSSION 
         The basis of using ultrasonography to detect the presence or absence of 
pneumothorax comes from the fact that, if two pleura surfaces that is the 
visceral and the parietal pleura are confirmed to be in apposition, then by 
definition an intrapleural collection of air cannot separate these two surfaces.  In 
absence of previous pleural disease, either spontaneous or assisted mechanical 
ventilation may be associated with the movement of the visceral pleura against 
the parietal pleura. For this sliding and gliding movement of the pleral surface 
against each other in ultrasonography both the surface of the pleura must be 
either contiguous or separated by fluid. 
          Examining the pleural interface using color power Doppler mode, can 
enhance the depiction of sliding movement due to the ability of power Doppler  
to detect motion. This color power Doppler mode is superior to the regular color 
Doppler to determine either presence or absence of flow at the expense of 
direction and speed information.  
        The comet tail artifact are reverberation artifacts that arises from the 
distended water filled interlobular septa surrounded by air in the visceral pleura. 
These are presumed to be equivalent to the familiar ‘kerley B lines’ that is seen 
on chest radiograph. They seems to be related to visceral pleura and hence can 
only be seen when the pleura are in apposition from each other or are separated 
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by fluids. Therefore, lung sliding and comet tail artifact will be absent in 
patients with pneumothorax. 
 
The ‘horizontal artifact’ corresponds to the reverberation artifacts present 
between the skin surface and pneumothorax and is a repetitive equally spaced 
series of horizontal hyperechoic lines that are not associated with lung sliding. If 
the lung sliding are present in presence of horizontal artifact , it can represent a 
normal situation and hence pneumothorax can be ruled out. 
 
            Utilizing these principles, eFAST has proved to be a rapid and useful       
imaging modality to detect pneumothoraces. When compared with CT scan, 
eFAST show an overall greater accuracy to detect pneumothorax than the chest 
x ray. 
 
          This prospective observational study was conducted among 208 patients 
with the history of blunt injury abdomen admitted in trauma center in 
Coimbatore medical college hospital from the year of July 2017 to June 2018 i.e 
in one year duration period. 
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            The study was carried out in view to determine the specifity and 
sensitivity of eFAST in detection of haemothorax and pneumothorax and also 
FAST to detect  free intraperitoneal fluid for the purpose of rapid diagnosis and 
treatment of  blunt abdominal and chest trauma which is crucial to decrease the 
morbidity and mortality of the patients following trauma. 
 
This study include a total number of 208 patients admitted in trauma 
center in Coimbatore medical college hospital with the history of blunt 
abdominal and chest trauma.  Out of 208 patients, 163 were males ( 78% ) and 
45 were females  (22% ) 
 
         Among the 208 patients that was included in the study, greater number  
belongs to the age group between 21 to 40 years making a total of 42%. Age 
group between 41 to 60 years include 82 patients i.e about 39%, more than 60 
years include 21 patients i.e about 10% and patients with least number belong to 
the age     group of less than 20 years which included 18 patients making a total 
of 9% of the total patients. Out of the total 208 patients, hemoperitoneum using 
FAST was detected in 109 patients whereas pneumoperitoneum was present in 
15 patients. Of these total patients, visceral injuries was found in 121 patients. 
Number of Liver injury cases was reported in 34 patients, Spleen injury in 54 
patients, Bladder injury in 12 patients and Kidney injury in 21 cases. There were 
4 cases of pancreatic injury and 10 cases of bowel injury that was missed in 
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sonography and was reported in CT scan. 10 cases of bowel injury patients only 
showed pneumoperitoneum with FAST but bowel injury as such could not be 
detected.  
 
         Out of the visceral organ involved in blunt abdominal trauma , it was 
found that spleen is the most predominant organ to be involved accounting for 
about 26% (54 out of 208), followed by liver 16% (34 out of 208) of all the 
other organ involved. 
 
By keeping CT scan as the gold standard for detecting hemothorax and 
pneumothorax , eFAST was performed in all patients with history of blunt 
trauma and was compared to the CT scan findings, chest radiograph and clinical 
examination. It was found that number of pneumothorax reported in CT scan 
was 53. With eFAST 48 patients was diagnosed to have pneumothorax, 33 
patients with chest radiograph and with clinical examination 31 patients was 
suspected to have pneumothorax.  
 
          It was found that the sensitivity to detect pneumothorax by eFAST is 
84.91% and specificity is 98.06% , positive predictive value is 93.75% , 
negative predictive value is 95.00% and accuracy of  94.71%.   
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      The supine pneumothoraces were mostly seen in the anteromedial sulci as 
well as in the subpulmonic recesses. Other sites were apicolateral and 
posteromedial. The standard imaging anatomic site to locate pneumothorax in  
eFAST was chosen to correspond to the recommended auscultatory locations in 
Advance Trauma Life Support. 
 
        The efficiency of chest radiograph to detect pneumothorax was also 
assessed so as to compare with that of eFAST and was found that the sensitivity 
of Chest x ray to detect pneumothorax is 56.60% and specificity is 98.06%.  
 
         Hence, although supine chest radiograph holds importance of diagnostic 
information after trauma, the sensitivity to detect pneumothorax is low 
compared to eFAST. Although number of radiographic signs of pneumothorax 
have been describe such as deep sulcus sign, pericardial fat tag sign, double 
diaphragm sign, hyperlucent hemithorax or a distinct cardiac apex , these signs 
are not very often appreciated in case of acute trauma. It is becoming apparent 
that in case of severely injured patients , a majority of pneumothorax present are 
missed using supine chest x ray that are detected on CT scan. 
 
           The eFAST offers a simple means of detecting these pneumothoraces in 
case of acute trauma when compared to chest radiograph. In fact, the eFAST 
technique has inherit great advantages over plain radiograph because of the 
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physiological behavior of pneumothorax in supine position, due to the effect of 
gravity, the supine lung will tend to hinge dorsally and the free air will get 
collected in the anteromedial portion of the lung. 
 
It was also observed that doing a thorough clinical examination in blunt 
trauma patients can add value to the eFAST. Of the 48 patients who were 
diagnose to have pneumothorax by eFAST preceeded by 31 patients clinically 
suspicion of pneumothorax , hence giving a sensitivity of 50.94% and 
specificity of 97.42% to diagnose as having pneumothorax.  
 
Hence considering CT scan as a gold standard to detect pneumothorax, it 
was found that eFAST holds next best diagnostic tool to diagnose 
pneumothorax after CT scan in case of blunt trauma. 
 
          Out of the total patients of 48 who was diagnose to have pneumothorax 
detected by eFAST, 45 patients was managed by tube thoracostomy and 3 
patients was kept on conversative management.  
 
         It was also noticed that out of the total 53 patients who was diagnosed to 
have pneumothorax, 27 cases was associated with other visceral injuries i.e 51% 
and, 49% i.e 26 cases was solely a case of pneumothorax alone without any 
involvement of other visceral injuries. 
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        An important attribute of eFAST is its simplicity. Once we are familiar 
with the basic of ultrasonography, one can quickly learn by recognizing the 
features of a normal pleural movement.   
 
        Based upon these results, the sonographic finding of absent sliding and 
comet tail artifacts in case of blunt trauma injury should be addressed promptly. 
If it is found in the left side of the chest, the position of Endotracheal tube 
should be checked. If the patient is stable, CT scan of the chest should be done. 
If the patient is unstable and found to have pneumothorax by eFAST , tube 
thoracostomy should be performed even without undergoing CT scan. 
Although, the complication of chest drainage are not negligible, it is far 
overweighed by the consequences of an untreated tension pneumothorax.  
 
Thoracic sonography has several advantages like portability, easy to use, 
repeatability, non radiation and increased sensitivity in detecting pneumothorax 
when compared to supine chest radiograph in assessing patients with blunt 
trauma. In many remote and operational settings, sonography is the only 
potential imaging modalities. There are many trauma systems from where the 
patients has to be transported to a greater distances before receiving definitive 
care and thus must benefit from pre hospital thoracic interventions as in many of 
these centers, ultrasonography will be the only imaging modality where there is 
no radiography, no CT and no MRI. 
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     Hence FAST can be considered as the initial diagnostic modality to 
exclude free fluid or hemoperitoneum in abdomen and examination of the chest 
to rule out pneumothoraces . Wherein, only a surgeon can perform laparotomy 
in case of  positive FAST in an unstable patients, almost any clinician or a 
paramedical personnel with appropriate training can insert a chest drain to treat 
pneumothorax preventing further advancement to tension pneumothorax thereby 
decreasing the mortality. The chest should always be examined with 
ultrasonography after trauma especially when FAST approach is utilized to the 
trauma ultrasound. The eFAST may not detect all pneumothorax , but is more 
sensitive than chest x ray and may even detect occult pneumothorax. The chest 
x ray and eFAST can be considered complimentary in detecting pneumothorax 
while CT is the gold standard to detect all pneumothoraces. 
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CONCLUSION 
 
         Ultrasound can be considered as initial imaging modality in evaluation of 
blunt abdominal trauma.  The use of ultrasound in trauma scenario is now 
widely used and accepted. FAST is non invasive, readily available non ionizing 
and requires minimal preparation time.  
      The ultrasound examination in trauma room has to be brief and focused to 
the presence of hemoperitoneum, hemopericardium and hemothorax or 
pneumothorax. This enables us to perform a better triage whether dealing with 
an individual trauma patient or multicasualty incident thereby improving the 
patient prognosis, reducing the morbidity and mortality. 
         Use of FAST is seen best in trauma patients who are hemodynamically 
unstable. FAST positive is defined as the presence of a dark strip in the 
dependent areas of the peritoneum i.e “anechoic”. In right upper quadrant this 
typically appears in the Morrison’s pouch i.e between the liver and kidney. This  
is the most useful location as it is the place where the fluid will get collect in a 
supine patient. In left upper quadrant blood usually gets collected around the 
spleen i.e the perisplenic space. In pelvis, the blood will generally pools behind 
the bladder, in  retrovesicular space. A positive result suggests free fluid or 
hemoperitoneum per se. Often the patient may undergo CT scan if the patient is 
hemodynamically stable  or may undergo laparotomy if patient is unstable.  In 
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FAST negative patients , search for extraabdominal sources of bleeding may 
need to be performed. 
Because there is no ionizing radiation that is involved with ultrasound, 
FAST can be performed consecutively and can spare the patient from CT scan, 
an important fact to remember, especially when dealing with pediatric trauma 
patients or a pregnant lady and those who are hemodynamically unstable. There 
are numerous role of FAST both in triage and resuscitation phase and also in the 
detailed assessment of patient where the use of ultrasound is invaluable. 
Repeated ultrasonography in patients with blunt abdominal trauma and close 
clinical observation increases the sensitivity of ultrasonography to nearly 100% 
. 
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PITFALLS AND LIMITATIONS OF FAST 
    Similar to many other diagnostic method, FAST has its own technical 
pitfalls, interpretive pitfalls and limitations. Ultrasound is first and foremost an 
operator dependent examination, hence experience plays an important role and 
sensitivity of FAST drops with little experience. Although right upper quadrant 
is the most sensitive view, particularly at the caudal edge of the liver for 
presence of free fluid , the left upper quadrant is usually most challenging view 
to perform comparing to the other site requiring longer time and much effort to 
obtain adequate visualization. A classical trick here is to identify free 
intraperitoneal fluid within the splenorenal recess. However fluid in the left 
upper quadrant is more often present in nearby left paracolic gutter inferior to 
the spleen thereby contradicting the traditional knowledge. Free fluid can also 
be found in subphrenic space that is located between the spleen and left 
hemidiaphragm. Therefore these spaces should be interrogated in left upper 
quadrant in view of FAST. 
Other technical pitfall of FAST such as poor image gain or suboptimal 
depth and backward orientation of transducer are often reduced with the 
increase in the number of examinations, thereby reflecting more experience of 
operators.  
           Another challenge of performing FAST is to balance between sensitivity 
and specificity. FAST should be performed with caution to avoid false positivity 
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like misinterpreting the double line sign as free fluid and elongated left hepatic 
lobe as splenic haematoma. The double line sign is an echogenic line that is 
caused by fascial planes encasing the hypoechoic perinephric fat pad that may 
have a wedge shaped and sharp borders in the morrison’s pouch. This can be 
found in patients of all age group and there is no correlation between the 
amount of perinephric fat and body mass index. Misinterpretation of the double 
line sign as free fluid can lead to unnecessary work up and management of the 
patient.   
           The elongated left lobe of liver and splenic hematoma may look alike and 
becomes difficult to differentiate from each other in acute trauma case. 
However, the left lobe of the liver has left hepatic vein or left portal vein as an 
anatomical landmark which can be seen on gray scale and color doppler . Other 
method to confirm the lesion as the part of the liver is to sweep the transducer 
back to right hepatic lobe to confirm the continuation. 
          FAST has a limited utility in detecting free fluid in retroperitoneal space. 
Therefore if possible CT should be perform if there is high index of suspicion of 
injuries in trauma patient with negative FAST examination 
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